Recent growth literature studies structural change in relatively specific three-sector growth models with a focus on the agriculture-manufacturing-services structure. In this paper we take another approach for studying this structural change. By using only few axioms on the properties of structural change trajectories and some mathematical theorems on the limitproperties of trajectories in the plane, we show that structural change in a three-sector framework is a relatively simple process: it is either transitory or cyclical unless there are some "exogenous" driving forces. We elaborate the implications of this result for the structural change modelling literature and topics for further research.
INTRODUCTION
Recent growth literature studies structural change in relatively specific micro-founded growth models with a focus on the three-sector structure (agriculture-manufacturingservices).
1 In this paper we take another approach for studying this structural change.
By using only few axioms on the properties of structural change trajectories and some mathematical theorems on the limit-properties of trajectories in the plane (among others Poincaré-Bendixon theory), we show that structural change in a three-sector framework is a relatively simple process: it is either transitory or cyclical unless there are some "exogenous" forces (e.g. technological progress or capital accumulation) which drive it. We derive the implications of this result for the structural change modelling literature and elaborate topics for further research.
In the next section we derive the properties of structural change. Section 3 discusses the implications of our results.
A THEOREM ON THE PROPERTIES OF STRUCTURAL CHANGE
The structural change literature studies the dynamics of sectoral employment-shares and/or sectoral GDP-shares. The employment-share of sector i is given by
where i L is the number of employees in sector i and L is the number of employees in the whole economy. Analogously, the GDP-share of sector i is given by In the previous literature structural change is modelled by using (vector) differential equations or continuous flows. These equations and flows are derived from economic theories, e.g. optimization problems of rational individuals (producers, households, etc.) . In the following we do not require such a micro-foundation; we study the typical differential equation (cf. Assumption 1) and/or the typical continuous flow (cf.
Assumption 2) describing structural change.
Assumption 1:
The dynamics of ) (t s are given by the following differential equation:
where: (.) Φ is a vector-function; S is a connected subset of ∆ ; 0 s is given; ) (t x is a vector of real-valued "exogenous" variables.
Several aspects of this assumption are noteworthy: a) The system (3)- (4) but also by some other variables ) (t x which we name "exogenous" variables. The latter variables are "exogenous" in the sense that (in part) they are explained outside the structural system (3). In the previous literature such "exogenous" variables are, e.g., technological progress or capital. It is well known that under these conditions the following lemma is true. 
(ii) ) (τ ω is a closed curve ("cycle").
homoclinic orbit (including its fixed point).
(iv) ) (τ ω is a union of at least two fixed points and the trajectories connecting them ("heteroclinic union").
Note that the term "heteroclinic union" is not common in the literature; we use it here as an abbreviation. Furthermore, note that a "heteroclinic union" must contain Lemma 2 implies almost directly Theorem 1, as we will see now.
In case (i) (cf. Lemma 2) the economy converges along trajectory τ (cf. is either a non-closed trajectory converging to a closed curve (i.e. the economy converges to a "limit cycle") or a closed trajectory ("Jordan curve"). Thus, structural change is cyclical in the limit or cyclical for all t; cf. Definition 6.
In cases (iii) and (iv) (cf. Lemma 2) the solution ) (t φ converges for ∞ → t to (all) the points of the homoclinic orbit or to (all) the points of the "heteroclinic union", per definition of the term "positive limit set" ( ) (τ ω ). Therefore, structural change is cyclical in the limit; cf. Definition 6. (Cf. Figures 4 and 5. ) 
IMPLICATIONS
Theorem 1 shows that three-dimensional structural change is a relatively simple process. If there are no exogenous forces which drive it (i.e. if
structural change is either transitory or cyclical. In particular, there is no "chaotic"
behaviour. This result has interesting implications for the existing structural change modelling literature and for further research:
1.) The number of sectors is an important modelling decision. The simple behaviour expressed in Theorem 1 is a property of three-sector models. In higher-dimensional models the dynamics can be more complicated. The theoretical implications of the sensitivity of model predictions to the choice of number of sectors should be elaborated.
2.) The previous literature (cf. Footnote 1) predicts that structural change is transitory.
That is, it predicts that the economic structure in today's very advanced economies, which is characterised by prevalence of services, will not change significantly in the future. In contrast, if we allow for cyclical structural change (cf. Theorem 1), we may expect significant structural change in the future (e.g. a return to a "prevalence of manufacturing").
3.) The previous literature (cf. Footnote 1) models structural change in a simplistic way: in this literature structural change is driven by "exogenous drivers" ) (t x and, in particular, by capital accumulation and technological progress. That is, when using our notation, the following statement is true for the previous literature: if 
is a "heteroclinic union".
Source:
Based on Andronow et al. (1965) , Chapter VI §2.
OPTIONAL APPENDIX
In the following we provide two examples which show that in the previous literature structural change is only driven by "exogenous" drivers, i.e. the endogenous transitory component emphasized by Theorem 1 is neglected in the previous literature. This is not a critique of the previous literature; the previous literature has correctly derived its statements from the neoclassical modelling framework. Rather, the following discussion should show which types of structural change are not studied in the previous literature; the knowledge of these neglected types is important for further research (new approaches to modelling).
Kongsamut et al. (2001) show on p.877 that sectoral employment-shares are given by the following equations in their model: (24), (25) and (12). Thus, if we use the terminology introduced in our paper, i x / X , c and y are "exogenous variables". Then, we can express (A2) as follows when using our notation: 
